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ABSTRACT 


ABSTRACT 


Echocardiography  is  an  essential  tool  in  the  evaluation  of  patients  with  cardiac  emergencies  and  chest  trauma.  The 
objective  of  our  study  was  to  establish  the  feasibility  and  diagnostic  accuracy  of  a  portable  satellite  transmission 
system  in  the  assessment  of  cardiac  emergencies  for  the  real-time  support  of  mass  casualty  and  humanitarian  relief 
efforts.  Twelve  patients  with  cardiac  structural  disease  identified  by  conventional  in-hospital  transthoracic 
echocardiography  (TTE)  were  transported  to  a  remote  portable  field  hospital  where  TTE  was  performed  with  a 
hand-held  echocardiographic  device.  Images  were  then  relayed  by  a  commercial  VSAT  satellite  to  a  level  3  trauma 
center  where  they  were  interpreted  in  real-time  by  a  cardiologist.  Remote  VSAT  studies  were  recorded  at  the  field 
hospital  prior  to  satellite  transmission  and  again  upon  download  at  the  receiving  facility.  The  remotely  acquired 
studies  before  and  after  satellite  transmission  were  compared  to  each  other  and  subsequently  compared  with 
conventional  hospital  TTE  for  technical  quality  and  diagnostic  accuracy  using  a  blinded  single  reader  side-by-side 
comparison.  Excellent  agreement  was  found  between  the  recorded  field-site  and  satellite-transmitted  images  with  an 
overall  average  of  95%  concordance.  When  the  field  data  acquired  with  the  handheld  device  and  satellite 
transmission  was  compared  to  the  conventional  in-hospital  echocardiography,  a  high  degree  of  agreement  was 
demonstrated  in  overall  technical  quality  (83%)  and  assessments  of  left  ventricular  ejection  fraction  (100%), 
pericardial  effusion  (100%),  and  left  ventricular  size  (92%).  This  study  demonstrates  the  feasibility  and  diagnostic 
accuracy  of  remote,  real-time  echocardiography  using  VSAT  satellite  transmission  for  mass  casualty  triage  or 


humanitarian  relief  efforts. 
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BODY 


Cardiac  injury  resulting  from  chest  trauma  is  an  important  source  of  morbidity  and 
mortality,  and  accounts  for  20-25%  of  all  traumatic  deaths  (1).  Such  injury  may  occur  via  blunt 
or  penetrating  injury.  Blunt  trauma  may  result  in  myocardial  contusion  or  rupture,  acute  valvular 
incompetence,  or  ventricular  aneurysm  (2).  The  most  common  of  these  injuries  is  myocardial 
contusion  which  may  be  detected  on  echocardiography  as  wall  motion  abnormalities,  wall 
thickness  changes,  or  ventricular  dilatation.  The  most  common  sequelae  of  penetrating  cardiac 
injury  is  pericardial  effusion,  with  or  without  tamponade,  which  is  found  in  57-69%  of  patients 
who  sustain  penetrating  cardiac  injury  (3).  Despite  the  high  prevalence  of  tamponade  in  cardiac 
trauma,  the  classic  findings  of  arterial  hypotension,  elevated  central  venous  pressure,  and 
muffled  heart  sounds  (Beck’s  triad)  are  seen  in  only  a  small  number  of  patients  (3).  Thus, 
physical  exam  and  clinical  findings  alone  may  be  misleading  and  unreliable  in  the  evaluation  of 
patients  with  cardiac  trauma. 

Echocardiography  provides  the  capability  to  quickly  diagnose  a  wide  variety  of  cardiac 
injuries  and  can  provide  critical  data  for  triage  officers  and  trauma  surgeons. 

It  can  be  performed  rapidly  and  non-invasively  at  the  patient’s  side  and  can  detect  evidence  of 
serious  cardiac  pathology  prior  to  the  development  of  clinical  signs  and  symptoms.  Previously 
published  studies  have  demonstrated  that  screening  2-D  echocardiography  in  the  emergency 
department  improves  survival  and  neurologic  outcome  when  used  in  the  acute  evaluation  of 
victims  of  penetrating  cardiac  injury  (4).  However,  in  the  remote  trauma  environment,  as  might 
be  experienced  by  medical  units  in  a  mass  casualty  or  humanitarian  mission,  the  availability  of 
expert  echocardiographic  interpretation  is  limited. 
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Telemedicine  technology  is  perhaps  best  used  when  it  provides  the  vital  link  between  the 
remote  patient  in  need  of  expert  evaluation  and  a  highly  trained  specialist  who  would  not 
normally  be  available  in  a  setting  of  limited  resources  or  an  austere  health  care  environment.  The 
United  States  Army  has  been  engaged  in  the  development  and  application  of  telemedicine  in 
disaster  relief  and  combat  settings  since  the  1980’s  (5).  Telecardiology,  specifically  tele¬ 
echocardiography,  is  the  fastest  growing  field  in  telemedicine  (6).  Tele-echocardiography  has 
previously  been  shown  to  be  a  valuable  and  cost-effective  triage  tool  in  the  neonatal  and 
pediatric  settings  (7). 

Transmission  of  echocardiographic  studies  via  satellite  with  rapid  interpretation  by  a 
cardiologist  would  allow  this  imaging  modality  to  be  utilized  in  the  remote,  deployed 
environment,  thereby  improving  diagnosis  and  triage.  In  addition,  hand-held  echocardiographic 
devices  have  been  introduced  that  are  well-suited  for  such  an  environment  because  of  their  small 
size,  portability,  and  reduced  cost.  Our  objective,  therefore,  was  to  establish  the  feasibility  and 
diagnostic  accuracy  of  a  hand-held  portable  tele-echocardiographic  system  using  real  time 
satellite  transmission  in  a  simulated  mass  casualty  setting. 

METHODS 

The  study  participants  included  12  individuals  with  known  structural  cardiac  disease. 
Subjects  were  recruited  by  screening  the  computerized  database  of  echocardiographic  studies  at 
a  tertiary  care  military  medical  center  to  identify  individuals  with  known  cardiac  disease  as 
demonstrated  by  conventional  echocardiography.  The  study  group  included  8  women  and  4  men 
with  a  mean  age  of  61+14  years.  After  obtaining  informed  consent,  the  subjects  were  transported 
to  a  local  training  facility  where  a  military  combat-support  field  hospital  was  erected.  Portable, 
hand-held  echocardiograms  were  performed  on  each  subject  using  a  2  mHz  transducer  and  a 
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Sonosite  180  (Sonosite,  Bothel,  WA).  The  video  output  from  the  portable  echocardiographic 
system  was  fed  into  a  wireless  250mW  microwave  transmitter  worn  in  a  custom-designed 
tactical  vest  and  also  to  a  digital  video  recorder.  The  tactical  vest  allowed  for  ambulatory 
imaging  of  patients  throughout  the  hospital  tent.  The  video  signal  was  then  transmitted  at 
distances  up  to  1,500  feet  during  imaging  to  a  high  gain  sector  antenna  positioned  just  outside 
the  field  hospital.  From  the  antenna,  the  signal  was  converted  via  an  asynchronous  RS-232  serial 
protocol  and  passed  to  the  data  port  of  a  very  small  aperture  terminal  (VSAT)  satellite  uplink. 
Upon  downlink,  communication  was  then  rapidly  established  with  a  tertiary  referral  site  for  real¬ 
time  review  by  a  cardiologist  (Figure  1).  The  tactical  vest  allowed  for  real-time  verbal  and  video 
communication  between  the  sonographer  and  the  reviewing  cardiologist. 

The  recorded  field-site  images  and  VSAT  transmitted  images  were  then  assessed  for 
technical  quality  in  a  single  reader,  side-by  side  comparison.  Diagnostic  accuracy  was  also 
assessed  by  comparing  the  two  sets  of  recorded  images  in  a  randomized,  blinded  fashion  with 
conventional  echocardiography  performed  on  the  Sequoia  C256  (Acuson,  Bothell,  WA)  in  a 
fixed  facility  within  4  months  of  field  data  acquisition.  The  echocardiographic  features  graded 
included  overall  technical  quality,  left  ventricular  ejection  fraction  and  size,  presence  of  a 
pericardial  effusion,  regional  wall  motion  abnormalities,  valvular  stenosis,  and  moderate  to 
severe  valvular  regurgitant  lesions.  These  features  include  the  abnormalities  that  would  be 
demonstrated  by  echocardiography  in  cardiac  trauma.  They  also  include  important  diagnoses 
that  may  significantly  impact  patients’  hemodynamic  profiles  such  as  valvular  stenosis  and 
regurgitation.  The  data  were  then  analyzed  using  a  Cohen’s  kappa  statistic  for  agreement. 
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KEY  RESEARCH  ACCOMPLISHMENTS 


1)  Successfully  deployed  VS  AT  in  CSH  field  environment  with  connectivity  to  level  I 
Trauma  Center 

2)  Successfully  imaged  patients  with  underlying  cardiac  conditions  in  CSH  environment 
with  accurate  interpretation  of  images  sent  via  Telemedicine. 
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REPORTABLE  OUTCOMES 

RESULTS 

The  recorded  field-site  images  and  transmitted  images  were  assessed  for  technical  quality 
in  a  single  reader,  side-by  side  comparison,  blinded  to  the  location  where  images  were  recorded. 
We  found  excellent  agreement  with  an  overall  average  of  95%  concordance  between  the  two  sets 
of  images.  Specifically,  complete  agreement  was  seen  in  the  ability  to  assess  left  ventricular 
function  and  the  presence  of  a  pericardial  effusion.  With  respect  to  the  remaining  variables, 
complete  agreement  between  the  two  sets  of  images  was  detected  in  10  of  the  12  studies  ( Figure 

2) .  This  data  demonstrates  no  significant  loss  in  image  quality  or  interpretation  with  VS  AT  and 
wireless  vest  transmission. 

Diagnostic  accuracy  was  also  assessed  by  comparing  the  two  sets  of  recorded  field-site 
images  in  a  randomized,  blinded  fashion  with  in-hospital  conventional  echocardiography  (Figure 

3) .  Agreement  was  demonstrated  in  overall  technical  quality  (TQ)  and  assessments  of  left 
ventricular  ejection  fraction  (EF),  pericardial  effusion  (PE),  and  left  ventricular  size. 

Specifically,  good  agreement  was  noted  in  TQ  ( 83%),  EF  (100%),  PE  (100%), and  LV  size 
(92%)  between  hospital  TTE  and  VSAT  transmitted  images.  Poor  agreement,  however,  was 
noted  in  the  assessment  of  specific  LV  wall  motion  abnormalities  (WMAs)  and  mild  valvular 
stenotic  and  regurgitant  lesions  indicating  reduced  accuracy  with  comparison  to  the  gold 


standard  of  conventional  TTE. 
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CONCLUSIONS 

DISCUSSION 

This  study  demonstrates  the  feasibility  of  VS  AT  satellite  transmission  and  real-time 
interpretation  of  portable  echocardiography  in  a  mass  casualty  triage  or  humanitarian  relief 
effort.  Diagnostic-quality  echocardiography  is  achievable  for  the  detection  of  important  features 
of  cardiac  emergencies  including  the  presence  of  a  pericardial  effusion,  left  ventricular 
enlargement,  and  systolic  dysfunction.  However,  the  data  did  demonstrate  poor  agreement  in  the 
evaluation  of  valvular  lesions  and  specific  wall  motion  abnormalities.  Small,  hand-carried 
echocardiographic  devices  have  been  recently  introduced  with  favorable  early  reports  in  the 
outpatient  setting,  on  inpatient  wards,  and  in  a  small  cohort  of  ICU  patients  (8-12).  Some  of 
these  reports  have  shown  good  correlation  between  hand-carried  devices  and  conventional 
echocardiography  for  the  evaluation  of  wall  motion  and  valvular  regurgitation  (11).  Our  results 
support  the  findings  of  Goodkin  et  al  who  reported  a  lower  sensitivity  in  the  evaluation  of 
valvular  regurgitation  when  the  SonoSite  180  was  used  to  evaluate  a  cohort  of  critical  care 
patients  (12).  The  authors  hypothesized  that  this  shortcoming  was  secondary  to  the  absence  of 
true  color  flow  and  spectral  Doppler  systems  and  M-mode  capabilities.  The  remotely  acquired 
handheld  echocardiograms  performed  in  the  current  study  missed  one  case  of  moderate  mitral 
regurgitation  and  one  case  of  moderate  tricuspid  regurgitation.  Larger  studies  will  be  required  to 
further  define  the  significance  of  this  limitation. 

We  believe  that  portable  echocardiographic  technology  can  serve  as  a  cardiology-force 
multiplier  allowing  for  rapid  diagnosis  and  triage  even  in  remote  settings  where  advanced 
diagnostic  modalities  have  not  previously  been  available.  In  addition,  the  capability  for  real-time 
interpretation  and  communication  between  the  sonographer  in  the  remote  environment  and  the 
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cardiologist  allows  for  immediate  feedback  to  guide  data  collection.  Further  evaluation  is  needed 
to  determine  if  technical  improvements  in  the  image  quality  of  portable  ultrasound  imaging 
systems  or  satellite  transmission  bandwidth  will  improve  the  diagnostic  quality  of  images  for 
remote  assessment  of  wall  motion  abnormalities  and  mild  valvular  lesions. 

The  authors  gratefully  acknowledge  the  support  of  Mr.  James  Bulgrin,  Dr.  Bernard 
Rubai,  Ms.  Vicki  Hamlin,  Mr.  Tommy  Morris,  Mrs.  Vemadette  LaManna,  and  Mr.  Frank 
LaManna  for  their  support  in  this  project. 
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